We report an evidence of s-channel single top quark production in pp collision at √ s = 1.96 TeV using data with integrated luminosity of 9.4 fb −1 collected by the Collider Detector at Fermilab (CDF[1]). We select events with one charged lepton, large missing transverse energy and two bottom quark jets. The observed significance of the result is 3.8 standard deviation from background only prediction. We measure the inclusive cross section to be 1.41
Introduction
In the Standard Model(SM), the top quark can be produced not only in pair by strong interactions but also singly through weak interactions. At hadron collider, there are three different modes for single top production. The first one is an intermediate W boson decays into a top(antitop) quark and a antibottom(bottom) quark(s-channel). The second one is a bottom quark transforms into a top quark by exchanging a W boson with another quark(t-channel). The last one is a top quark produced associate with a W boson(tW -channel). As shown in Figure 1 . Because of the short life time and heavy mass of top quarks, the single top process provides a unique opportunity to test the SM and search for new physics. The left one is t-channel process, the center one is s-channel process and the right one is tW -channel process.
At Tevatron, the cross section for s-channel process is so small that only recently D0 claimed an evidence of this process [2] . Moreover, Tevatron experiments are more sensitive to this process than LHC experiments since LHC is a pp collider.
Data Sample and Event Selection
In this analysis, we select events consistent with a W -boson decays into a charged lepton and corresponding neutrino plus two energetic b-quark jets. Since this process shares the same final state as W H process at Tevatron, in this analysis, we use the same event selection as W H analysis [3] .
We require one single, isolated lepton with p T > 20 GeV/c, and the presence of E T in the event. We use different lepton reconstruction algorithms for leptons collected by different parts of our detector, and we divide them into following categories to keep them orthogonal to each other, as list below.
• CEM: central tight electron
• CMUP and CMX: central tight muon
• Extended Muon Category(EMC): loose muons and reconstructed isolated track lepton candidates
We also apply different E T thresholds depending on the charged lepton category. We require E T > 10 GeV for CMUP and CMX events, E T > 20 GeV for CEM and EMC events.
Jets information used in the analysis are reconstructed with the JetClu algorithm with a cone size of 0.4. Selected jets are required to have corrected E T > 20 GeV/c 2 and η < 2.0. Only events with exactly two jets are accepted. We also employ a b-tagging algorithm to further select our events. The b-tagging algorithm is denoted as The HOBIT [4] . We require at least one of the jets to be tagged by HOBIT. We defined two operational points of the tagging algorithm based on the output value of HOBIT, Tight, output larger than 0.98 and Loose, output larger than 0.72. Based on the tagging information, we divide our events into following four orthogonal tagging categories:
• TT: Exactly two jets tagged by HOBIT Tight
• TL: One jet is HOBIT Tight, another jet is HOBIT Loose, but not HOBIT Tight
• T: One of the jets is HOBIT Tight, other jets are not HOBIT Loose
• LL: None of the jets are HOBIT Tight, exactly two jets are HOBIT Loose
Backgrounds Estimation
We determine the fraction of W + jets events for each lepton category in pretag regionby fitting the E T distribution of pretag samples. For single top, tt, diboson and Z + jets samples are normalized to their corresponding theoretical expectation, while W + jets and multijet QCD samples normalization are free to float in the likelihood fit.
The normalization of W + jets sample in tagged region are calculated from the pretag region by applying heavy flavor fraction and tagging efficiency (W + heavy flavor) or light flavor fraction and mistag matrix(W + light flavor). Multijet samples are calculated by applying tag rate calculated from data.
The prediction for number of events in each tagging category are shown in Table 1 .
Final Discriminant
To further separate the signal from background, and increase the sensitivity of this analysis, we use TMVA package trained a neural network to be the final discrimi- 
Measurement
We measure the single top cross section using a Bayesian binned likelihood technique [6] assuming a flat prior in the cross section and integrating the posterior over all sources of systematic uncertainty. The posterior probability distribution of single top s-channel cross section from calculation is shown in Figure 3 . From the distribution, we measure the s-channel cross section to be σ s−channel = 1.41
+0.44
−0.42 pb. We also measured the p-value by generating pseudo-experiment with both background only and signal plus background hypothesis, as shown in Figure 3 . The p-value for the observed cross section is 0.0000597, which corresponds to a significance of 3.8σ.
Conclusion
We have presented the results of a search for the single top s-channel. We find that for the dataset corresponding to integrated luminosity of 9.4 fb −1 , the data agrees with the Standard Model background predictions within the systematic uncertainties.
We measure the single top s-channel cross section to be σ s−channel = 1.41
+0.44
−0.42 pb, assuming the top quark mass is 172.5 GeV/c 2 . This corresponds to a significance of 3.8σ. The results is compatible with standard model prediction and is also compatible with previous CDF measurements.
